This article extends the understanding of oil-stock market relationships over the last turbulent decade. Unlike previous empirical investigations, which have largely focused on broad-based market indices (national and/or regional indices), we examine short-term linkages in the aggregate as well as sector by sector levels in Europe using different econometric techniques. Our main findings suggest that the reactions of stock returns to oil price changes differ greatly depending on the activity sector. In the out-of-sample analysis we show that introducing oil asset into a diversified portfolio of stocks allows to significantly improve its risk-return characteristics.
Introduction
Understanding the dynamics of stock returns is an issue of ongoing research in financial market literature. In particular, identifying the factors that drive stock market returns is of utmost relevance and importance to investors and policy makers. Although an abundance of theoretical and empirical works focused on asset pricing, there is no consensus about both the nature and number of factors of stock returns. Furthermore, as oil price has changed with sequences of very large increases and decreases over recent years, it is now quite opportune to augment the existing research on its impacts on stock market returns. Various transmission channels exist through which oil price fluctuations may affect stock returns. Indeed, the value of stock in theory equals discounted sum of expected future cash-flows. These discounted cash-flows reflect economic conditions (e.g., inflation, interest rates, production costs, income, economic growth, and investor and consumer confidence) and macroeconomic events that are likely to be influenced by oil shocks. Accordingly, oil price changes may impact stock returns.
In the literature, there has been a large volume of works on the linkages between oil prices and economic variables. The majority of these studies have shown significant effects of oil price fluctuations on economic activity for several developed and emerging countries (Hamilton, 2003; Cunado and Perez de Garcia, 2005; Balaz and Londarev, 2006; Lardic and Mignon, 2008; Gronwald, 2008; Cologni and Manera, 2008; . By contrast, there have been relatively a few attempts to study the dynamic relationship between oil price variations and stock markets.
The pioneering paper by Jones and Kaul (1996) tests the reaction of stock returns in four developed markets (Canada, Japan, the UK, and the US) to oil price fluctuations on the basis of the standard cash-flow dividend valuation model. They find that for the US and Canada stock market reaction can be accounted for entirely by the impact of oil shocks on cash flows.
The results for Japan and the UK were nevertheless inconclusive. Using an unrestricted vector autoregressive (VAR) model, Huang et al. (1996) find no evidence of a relationship between oil prices and the S&P500 market index. Inversely, Sadorsky (1999) also applies an unrestricted VAR model with GARCH effects to American monthly data and shows a significant relationship between oil price changes and US aggregate stock returns. Park and Ratti (2008) show that oil price increases have a negative impact on stock returns in the US and twelve European countries, whereas stock markets in Norway, an oil-exporting country respond positively to rises of oil price. In a more recent study, Apergis and Miller (2009) also examine whether structural oil-market shocks affect stock returns in eight developed countries, and document no significant responses of international stock market returns to oil price shocks.
Very few studies have looked at the impact of oil price changes on the stocks of individual sectors. In addition, most of these studies are country-specific and therefore do not provide a global perspective. For instance, Sadorsky (2001) and Boyer and Filion (2007) show that oil price increases lead to higher stock returns of Canadian oil and gas companies. El-Sharif et al. (2005) reach the same conclusion when analyzing oil and gas returns in the UK. However, the authors note that non-oil and gas sectors are weakly linked to oil price changes. More recently, Nandha and Faff (2008) study the short-term link between oil prices and thirty-five Datastream global industries and report that oil price rises have a negative impact on all, but not the oil and gas industries. Finally, Nandha and Brooks (2009) look into the reaction of the transport sector to oil prices in thirty-eight countries and find that, in developed economies, oil prices have some influence on the returns of the sector under consideration. There is however no evidence of a significant role for oil price changes in Asian and Latin American countries. Taken together, the results from the available works on the relationships between oil price changes and sector stock returns are inconclusive and differ from country to country.
The current article extends the understanding of the relationship between oil price changes and stock returns at the disaggregated sector level in Europe by investigating their short-term linkages over the last turbulent decade using different econometric techniques. Over this decade of globally increasing oil prices, the responses of stock markets to oil price changes are ambiguous. Indeed, on the one hand increases in oil prices translate into higher transportation, production, and heating costs, which can put a drag on corporate earnings.
Rising oil prices can also stir up concerns about inflation and curtail consumers' discretionary spending. On the other hand, investors can also associate increasing oil prices with a booming economy. Thus, higher oil prices could reflect stronger business performance.
It is equally important to note that studying the short-term effects of oil price fluctuations at sector level instead of aggregate market level is important for several reasons. First, any market-wide consequence may hide the performance, not necessarily uniform, of various economic sectors. Further, sector sensitivities to changes in oil price can be asymmetric to the extent that some sectors may be more severely affected by these changes than the others. The degree to which a sector is more or less sensitive to oil depend upon whether oil serves as its input or output, its exposure to the indirect oil effects, its degree of competition and concentration, and its capacity to absorb and transfer oil price risk to its consumers. Second, the industrial base varies from one European market to another. Large and mature markets such as France and Germany are more diversified, whereas small markets such as Switzerland usually concentrate on a few industries. Thus, the results of studies based on national stock market indices such as Park and Ratti (2008) and Apergis and Miller (2009) should be considered with precaution. An important and interesting issue consists then of examining how different sector market indices rather than national market indices react to oil price fluctuations. Finally, indentifying the heterogeneity of sector sensitivities to oil has important implications for portfolio risk management since some sectors may still provide a meaningful channel for international diversification during large swings in oil prices.
The rest of the paper is organized as follows. Section 2 presents the data and some preliminary analysis. Section 3 reports and discusses the empirical results. Section 4 focuses on some out-of-sample forecasting evaluations and portfolio implications of empirical results.
Summary conclusions are provided in Section 5.
Data and preliminary analysis
We investigate the relationships between oil prices and stock returns in Europe from a sector Beverages (beverages and food producers), Oil and Gas (oil and gas producers, oil equipment, and services, distribution and alternative energy), Health Care (health care equipment and services, and pharmaceuticals and biotechnology), Industrials (construction and materials, and industrial goods and services), Basic Materials (chemicals and basic resources), Personal and Household Goods (household goods, home construction, leisure goods, and personal goods and tobacco), Consumer Services (retail, media, travel and leisure), Technology (software and computer services, and technology hardware and equipment), Telecommunications (fixed line and mobile telecommunications), and Utilities (electricity, gas, water and multi-utilities).
Each sector index represents a capitalization-weighted portfolio of the largest European companies in this sector.
We think that weekly data may better capture the interaction of oil and stock price changes than daily or monthly data. On the one hand, the use of weekly data in the analysis instead of daily data significantly reduces any potential biases that may arise such as the bid-ask effect, non-synchronous trading days, etc. On the other hand, the monthly data may have some bearing on asymmetry in responses of stock returns to oil price shocks. In this schema of thing, we make use of weekly stock market sector indices over the period from January 01, 1998 to November 13, 2008 and examine their sensitivity to the recent oil price boom after the 1997 Asian financial crisis. 1 Over this sample period, the relationship between oil prices and stock markets was ambiguous as shown by Figure 1 . Increases in oil prices were, at the same time, indicative of higher production costs and inflation pressure, and synonyms of higher expected economic growth and higher levels of consumer and investor confidence.
Notice that weekly data running from November 20, 2008 to December 31, 2009 will be employed in our out-of-sample analysis to shed light on forecasting evaluation and some portfolio investment implications of the in-sample results.
For oil, we use the weekly Brent crude oil price obtained from the Energy Information Administration (EIA). The Europe Brent is one of the major international oil benchmarks. We express Brent oil prices in euro using euro/dollar exchange rates from Datastream. Before we can conduct further analysis on oil and stock market sector indices, the order of integration of our series is investigated using three standard unit root tests: Augmented Descriptive statistics for return series (first logarithmic differences) are summarized in Table 2 . On average, oil experienced higher returns than European stock market returns over our sample period. Technology stocks have the highest volatility followed by oil and Automobile stocks. Skewness is negative in most cases and the Jarque-Bera test statistic (JB) strongly rejects the hypothesis of normality. There is also strong evidence of ARCH effects and there are significant serial correlations for some series. 
Empirical analysis
We investigate the relationships between oil price changes and sector stock market returns in Europe over the last turbulent decade. We begin our analysis with the estimation of multifactor asset pricing models to investigate the sensitivities of the sector stock returns to oil price and European market changes, then we perform the Granger causality tests to examine their causal linkages, and finally we study cyclical comovements.
Sector returns, oil price changes and market sensitivities
In this subsection, the analysis is conducted as follows. First, we estimate a conditional version of the European market model for each sector. Second, we examine a two-factor model by introducing oil unexpected returns into the market model. The objective is to investigate sector return sensitivities to oil price shocks. Finally, we test for asymmetric interactions between oil price changes and European sector returns.
a) The market model
A conditional version of the European market model can be written as follows (Model 1):
where it r is the weekly stock returns for sector i; t rdj represents the European stock market returns; it  refers to a stochastic error term which is assumed to follow a GARCH(q,p) dynamics. p and q are explicitly determined according to commonly used information criteria.
(.) f is the density function of it  .
Model 1 is estimated for each of the considered sectors using the quasi-maximum likelihood (QML) method based on the Gaussian distribution. Here we also employ the Student"s t-distribution to capture the distribution of sector returns because most series are highly skewed and exhibit significant excess kurtosis, leading to the rejection of normality. 3 We summarize the results in Table 3 . As we can see, the estimates of model"s parameters are somewhat similar, whatever the return distribution was used. However, according to the AIC information criteria, the model estimated using the Student"s t-distribution shows superior results in 10 out of 12 cases. The evidence is mixed according to R-squared and LB criteria. The coefficients relating the sector returns to the European stock market returns (coefficients c) are highly significant for all sectors. They vary from 0.50 (defensive sector) for Food and Beverages to 1.46 (offensive sector) for Technology. The R-squared coefficients range from 31% (Food and Beverages) to 82% (Financials). The models we estimated seem to satisfactorily fit the data. The ARCH and GARCH coefficients are significant. We further observe that in most cases, conditional volatility does not change very sharply as the ARCH coefficients are relatively small in size. By contrast, it tends to fluctuate gradually over time because of the large GARCH coefficients. Note also that the estimates coefficients  and  satisfy the stationary conditions. (1) because the latter is significant. We also tested for GARCH effect in the mean equation, but the associated coefficients are not significant. The orders for the GARCH model are determined based on information criteria. The degree of freedom v for the Student"s t-distribution is significantly higher than 2 in all cases, suggesting that the distribution of the standardized errors departs significantly from normality. * , ** and *** indicate the significance of coefficients at the 1%, 5% and 10% levels respectively. + , ++ and +++ indicate the rejection of the null hypothesis of statistical tests at the 1%, 5% and 10% levels respectively.
The Jarque-Bera statistics in Table 3 are considerably lower than those for the return series (Table 2) . For instance, the JB statistic decreases from 5930.1 (Automobile and Parts), 2635.3 (Utilities) and 913.1 (Oil and Gas) to 83.1, 101.7 and 12.9 respectively. However, the normality hypothesis is still rejected indicating that the unconditional distribution of the conditional GARCH process is not sufficiently fat-tailed to accommodate the excess kurtosis in the data. This result justifies the use of the QML estimation method and the Student"s tdistribution.
Finally, we also test for ARCH effects as well as for the absence of autocorrelation in the standardised residuals and in the squared residuals. The results indicate no serial correlations and heteroscedastic effects in the residuals, thus leading us to conclude that the model specification we use is flexible enough to capture the dynamics of returns.
b) The two-factor "market and oil" model 4
Let us now consider an augmented version of the previous European market model by introducing the unexpected change in oil prices into Equation (1). This specification permits to assess the sensitivities of sector returns to oil price shocks and has the following form
roil is the unexpected change in oil prices, measured as the difference between the observed oil price change and the expected value of oil price change using the following
Obviously, the definition of unexpected changes in oil prices we retain in this paper would mean that the impact of previous oil price changes on stock returns is implicitly included in Equation (2). In this regard, the estimation results can be seen as a sort of causality tests 4 We have also tested other multifactor models in which the relationships between oil and stock prices are controlled for by using other potential risk factors of stock returns. These factors include the changes in shortterm interest rates, the changes in consumer price index, and the changes in industrial production. Since the obtained results are very similar to our basic two-factor model as described by Equation (2), they are not reported here for concision purpose, but entirely available under request. 5 The suitability of two-factor "market and oil" pricing models, similar to the one we use in this paper, was empirically investigated in several past papers (see, e.g., Brailsford, 2000 and Arouri and Fouquau, 2009. between oil and stock returns. Based on information criteria, we retain three lags ( 3  k ) in order to appropriately remove autocorrelations in oil returns. Materials, and Industrials sectors, the model is estimated with an AR(1) because the latter is significant. We also tested for GARCH effect in the mean equation, but the associated coefficients are not significant. The orders for the GARCH model are determined based on information criteria. The degree of freedom v for the Student"s t-distribution is significantly higher than 2 in all cases, suggesting that the distribution of the standardized errors departs significantly from normality. The GARCH coefficients are not reported here in order to preserve space, but they are similar to those reported in Table 3 . * , ** and *** indicate the significance of coefficients at the 1%, 5% and 10% levels respectively. + , ++ and +++ indicate the rejection of the null hypothesis of statistical tests at the 1%, 5% and 10% levels respectively.
The estimation results are summarized in Table 4 . 6 The coefficients relating the return series to oil price changes (coefficients b) are significant in eight cases, indicating significant short-term effects of oil price fluctuations on European sector stock returns. Oil price increases negatively affect sector returns in three cases (Food and Beverages, Health Care and Technology), and positively in five cases (Financials, Oil and Gas, Industrials, Basic Materials, and Consumer Services) , which is consistent with the correlations reported in Table 2 . This confirms our intuition that, while higher oil prices imply lower stock returns for some industries due to higher production and transportation costs and lower corporate earnings, increases in oil prices over the last decade also reflect the increases in world demand for oil in response to periods of high economic growth, and thus lead to positive stock returns for other sectors. Additionally, the sign of the oil-stock price relationships is also likely to be dependent on the capacity of the industry to transfer oil price shocks to other economic entities, through for example hedging contracts on commodity derivatives markets, and thus to minimise the impact of these shocks on its profitability. Finally, our results show that there is no relationship between oil price changes and stock returns for three European sectors (Personal and Household Goods, Telecommunications, and Utilities), whereas for the Automobile and Parts industry a negative weak link is obtained.
It is equally important to note that whenever oil price changes are significant, the twofactor "market and oil" model outperforms the market model as the AIC and R-squared scores in Table 4 are respectively smaller and larger than those in Table 3 .
Summarizing all, our analysis shows strong linkages between oil price changes and most European sector returns over the period under consideration. The sign and intensity of these linkages differ from one sector to another. In the following sub-section, we test for asymmetries in the responses of European sector returns to oil price shocks.
c) Asymmetric reaction to oil shocks
Some recent papers have shown that the link between oil and economic activity is not entirely linear and that negative oil price shocks (price increases) tend to have larger impacts on growth than positive shocks do (Hamilton, 2003; Lardic and Mignon, 2006; Zhang, 2008; Cologni and Manera, 2009) . One should expect that oil price changes equally affect stock markets in an asymmetric fashion. To empirically test for asymmetry in the reaction of European sector returns to oil price shocks, we rely on the estimation of the following asymmetric multifactor model (Model 3) : . We are also interested in testing for the null hypothesis of non asymmetry and nonsensitivities to oil price increases and decreases, 0
Our main empirical results are summarized in Table 5 . Wald tests show that the hypothesis
is rejected mostly at the 1% level in nine cases, which confirms the significance of oil price shocks as a factor affecting sector returns in Europe. Oil price changes do not significantly affect stock returns in the Automobile and Parts, Telecommunications, and
Utilities sectors. This is in line with our findings reported in Table 4 . The only exception is for Personal and Household Goods for which no significant reaction to oil shocks is observed when the symmetric asset pricing model was used. Indeed, asymmetric results in Table 5 show that stock returns in this sector react negatively to unexpected oil price increases and negatively to expected oil price decreases. Wald tests confirm this finding and show that the
is rejected for Personal and Household Goods as well as for two other sectors (Food and Beverages, and Health Care). This hypothesis is also weakly rejected at 10% for Basic Materials. For all these industries, reactions to oil price changes are asymmetric.
7 Note that we have also estimated the asymmetric multifactor model with an EGARCH(1,1) process, but information criteria lead us to prefer the GARCH(q,p) specification we report in this paper. and Industrials sectors, the model is estimated with an AR(1) because the latter is significant. We also tested for GARCH effect in the mean equation, but the associated coefficients are not significant. The orders for the GARCH model are determined based on information criteria. The degree of freedom v for the Student"s t-distribution is significantly higher than 2 in all cases, suggesting that the distribution of the standardized errors departs significantly from normality. The GARCH coefficients are not reported for concision purpose, but they are similar to those reported in Table 3 . * , ** and *** indicate the significance of coefficients at the 1%, 5% and 10% levels respectively. + , ++ and +++ indicate the rejection of the null hypothesis of statistical tests at the 1%, 5% and 10% levels respectively.
Table 5. Estimation results of the asymmetric asset pricing model

Sectors Distribution
Finally, it is worth noting that according the different criteria used to chose the most appropriate model (R-squared, AIC, LB, etc.), the asymmetric asset pricing model appears to be the best one when there is presence of asymmetry in the relationship between oil and stock returns, i.e., for these four industries Personal and Household Goods, Food and Beverages, Basic Materials, and Health Care. Also, the models incorporating oil returns (i.e., Models 2
3) shows superior results to the market model (i.e., Model 1) for all the industries for which oil price changes are priced, the only exceptions being Telecommunications, and Utilities sectors. All in all, these findings suggest that oil price changes play a significant role in explaining stock returns in most European industries and that there are evidence to show that some sector returns respond asymmetrically to the impact of oil price changes.
Causality tests
In order to further examine the relationships between oil price changes and sector stock returns in Europe, we proceed with testing for Granger causality between return series.
Results are reported in Unidirectional Granger causality from oil to stock returns is significant for Financials (at the 10% level for lags 2 and 8), Health Care (at the 10% level only for lag 2), and Technology (at the 10% level for lag 2 and at the 5% for lags 8, 10 and 12), while causality from stock returns to oil is only found to be significant for Basic Materials (at the 1% for all lags). Finally, there is absence of significant causality between oil price changes and stock returns in Telecommunications sector.
Taken together, the results of our causality tests corroborate our previous findings and suggest significant interactions between oil prices and stock prices, except for Telecommunications stocks. These results are interesting at least for two reasons. First, they imply some predictability in oil and European stock price dynamics. Second, in contrast to several works in the extant literature which assume the exogeneity of oil prices with respect to macroeconomic and financial variables, we document that a reverse relationship may exist, i.e., changes in some European sector returns do significantly affect world oil prices. These findings are consistent with the results established by some recent papers (Ewing and Thompson, 2007; Kilian and Vega, 2008; Lescaroux and Mignon, 2008) . 
Cyclical correlations between oil and stock markets
To the extent that variations in macroeconomic fundamentals may influence the direct shortrun linkages between oil price changes and sector stock returns in Europe, it is relevant to investigate the cyclical correlations between variables of interest. To do so, we follow the methodology introduced by Serletis and Shahmoradi (2005) and applied by several papers to study the links between energy prices and economics activity (Ewing and Thompson, 2007; Lescaroux and Mignon, 2008) . First, the Hodrick-Prescott (HP) filter is employed to decompose each time-series variable in our study into long-run and business cycle components. We then compute the cross-correlations between the cyclical component of oil price ( t coil ) and that of sector stock market indices ( t cstock ). We denote these correlations by ) ( j  and they are computed for j = 0, ±1, ±2, ±3, ±4, ±5 and ±6. Therefore, the cyclical correlations permit to assess the linkages that may exist between oil price and stock markets over the business cycle. They enable, in particular, the investigation of the dynamics of the short-run component comovements by providing information about both their strength and their synchronization. Following Serletis and Shahmoradi (2005) , and Ewing and Thompson (2007) , we consider that the two cyclical components are strongly correlated, weakly correlated, or uncorrelated for a shift j based on 0.23 ≤ |ρ(j)| < 1, 0.10 ≤ |ρ(j)| < 0.23, 0 ≤ |ρ(j)| < 0.10, respectively. If |ρ(j)| is high for a positive, zero, or negative value of j, then the cycle of oil prices is leading the cycle of stock markets by j periods, is synchronous, or is lagging behind the cycle of stock markets by j periods, respectively. The results for leads and lags from 1 to 6 are shown in Table 7 . They globally confirm previous results. Positive weak-cyclical correlations are observed for the DJ Stoxx 600 Index for negative values of j, suggesting that oil prices are pro-cyclical and lagging the European stock market generally after few weeks over the last decade. As we expect, oil prices and stock markets are strongly and contemporaneously correlated for Oil and Gas, and Basic Materials industries. Furthermore, for two sectors (Automobile and Parts, and Food and Beverages) highly negative cyclical correlations are observed for positive values of j, indicating that oil prices are counter-cyclical and leading the stock markets generally by few weeks ahead in these sectors. Weak correlations are obtained for four sectors: Health Care, Industrials, Personal Goods and Consumer Services. Surprisingly, we find no significant cyclical correlations between oil prices and stock market returns in Technology and Utilities industries, but as expected no correlation is also found for Telecommunications stocks.
Overall, our analysis shows significant relationships between most sector returns in Europe and oil price changes. However, there is some asymmetry in the reaction of some sectors to oil price shocks, and in all cases the value and sign of the sensitivities of stock returns to oil price changes vary significantly across sectors. In what follows, we carry out some robustness checks.
Robustness checks
To check for the robustness of our empirical results, the following changes are made. First, given previous evidence in the literature on the significance of world market risk and exchange rate risk within international asset pricing model settings, especially in developed stock markets such as European markets, we re-estimate our empirical models in the presence of the world market returns and the euro-dollar exchange rate changes. Second, we reestimate our models using different sample periods and data frequencies. Finally, our empirical results are re-examined using real oil and stock prices instead of nominal prices in order to take into account the effects of inflation. 8
a) Effects of exchange rates
Oil is commonly priced in US dollars in world oil markets, and thus the latter play an important role in the energy industry to the extent that the dollar exchange rate affects directly the price at which producers and consumers perceive oil and oil-related products. Therefore, it is interesting to consider the potential links between the dollar exchange rates and the oil prices in our empirical investigation. In the literature, the link between the dollar and oil prices has been examined at theoretical levels by, among others, Krugman (1980) and Rogoff (1991) , and at empirical levels by, among others, Zhou (1995) , and Dibooglu (1995) . The findings of these studies suggest the existence of a positive relationship between the two variables, i.e., a rise in oil prices is linked to a dollar appreciation.
Moreover, recent papers show that exchange rate risk is internationally priced (De Santis et al., 2003 and references therein) . In this schema of things, the statistical significance of oil price changes in Models 2 and 3 could be due to the failure to include the euro-dollar exchange rate changes. To shed light on this issue, we re-estimate Models 2 and 3 in presence of the euro-dollar exchange rate changes as a risk factor. The results indicate that changes in exchange rate have significant effects on most European sector returns. Meanwhile, the relationships between oil price shocks and European sector returns remain mainly unchanged: oil price changes positively affect sector returns in five cases (Financials, Oil and Gas, Industrials, Basic Materials, and Consumer Services) and negatively in four cases (Automobile and Parts, Food and Beverages, Health Care and Technology) . Strong signs of asymmetric reaction to oil price changes have been found, in particular for Food and Beverages, and Personal and Household Goods stock returns.
b) Effects of world stock market
If European markets are integrated into world stock market, it is reasonable to believe that European stock returns are exposed to the world market risk. This leads us to test for the significance of oil price changes within an asset pricing model that allows for world market risk to affect stock returns as a robustness check. The inclusion of this global factor is motivated by the fact that if oil price changes and world market returns are correlated, tests based on models as in Equations (2) More precisely, we re-estimate augmented versions of Models 2 and 3 which incorporate the part of MSCI world market returns, unexplained by the DJ Stoxx index returns and Brent oil price changes. We find that the global factor, independent from European and oil factors are significant for several European sectors. However, the significance of the oil price changes seems to be unaffected after the introduction of the global factor.
c) Alternative sample periods and frequencies
The DJ Stoxx sector indices are launched in 1998, but their daily, weekly and monthly frequencies were built back to December 31, 1986. As an exercise of the robustness check, we test the sensitivity of our results to the choice of the sample periods and data frequency. Concretely, we re-estimate our different models using two different data frequencies (daily and monthly) as well as a longer sample period from 1986 onwards.
The evidence globally indicates that our previous conclusions on the oil-stock return relationships hold for a longer sample period and regardless of data frequencies used. It means that empirical results we report in the paper are reasonably robust. The main differences we should mention are the following: i) when using monthly data, we find that the ARCH effects are slightly weaker and that the monthly frequency displays some bearing on asymmetry. ii) when daily data are used, AR(1) coefficients appear to be significant in higher number of cases, compared to weekly data.
d) Real versus nominal prices
The last step of our robustness check consists of examining whether our results subject to changes or not with respect to the effects of inflation. For this we repeat the same empirical analysis as above using real oil and stock prices instead of nominal prices. Globally, we realize that our results do not change significantly and our main conclusions remain valid, i.e., oil price changes positively affect sector returns in five cases (Financials, Oil and Gas, Industrials, Basic Materials, and Consumer Services) and negatively in three cases (Food and Beverages, Health Care and Technology) . Weak negative relationships have been found for Automobile and Parts and Personal and Household Goods stock returns.
In summary, the evidence discussed in this section suggests that oil price changes significantly affect several European sectors, even after European market, world market and exchange rate risk factors as well as inflation effects are accounted for. These findings are also robust to the choice of the sample period and the frequency of data.
Some portfolio implications of the results
In this section, we discuss some implications of the results we obtain for portfolio investment.
First, we show that a model with oil risk presents superior out-of-sample forecasting results to a market model. Second, we illustrate how our results can be used in portfolio diversification and measure the out-of-sample benefit from portfolios considering these results. Note that we report, in what follows, the results obtained with weekly data over the out-of-sample subperiod running from November 20, 2008 to December 31, 2009 which totalizes 59 observations. 9
Out-of-sample forecasts of sector stock market returns
Among the many issues involving portfolio investment and management, modelling and forecasting stock returns are one of the most intriguing topics that attract great interests from In 
Result implications for out-of-sample portfolio diversification
The main findings of our in-sample analysis can be summarized as follows: on average, stock and oil markets are weakly correlated, the reactions of stock returns to oil price changes differ greatly depending on the activity sector, and finally there are some signs of asymmetric interactions between oil and stock returns. In order to illustrate the out-of-sample benefit from portfolio diversification considering our results, we have adopted some index-based investment strategies by constructing several portfolios composed of both stocks and oil with different allocation rates, and report the main results of our portfolio simulations in Table 9 . 10 In Panel A of Table 9 , we quantify the benefit of introducing crude Brent oil into a diversified portfolio of all industries. We show that adding oil into the DJ Stoxx portfolio permits to enhance its risk-return characteristics. For instance, with only 10% of the portfolio invested in Brent crude oil, the average weekly return increases from 0.523% to 0.618%, while the standard deviation decreases from 3.180% to 3.143%. Consequently, the Sharpe ratio moves from 0.152 to 0.184, and thus experiences an increase of more than 21%. The skewness and kurtosis fall from -0.873 to -0.730 and from 3.761 to 3.445 respectively. These results correspond effectively to our expectations given the weak correlations between oil price changes and sector stock returns discussed in Sections 2 and 3. However, the marginal benefit from including crude oil into the DJ Stoxx portfolio is reduced all the more so the weight of crude oil in the combined portfolio increases as suggested by the Sharpe ratio"s relative variations.
In Panels B and C, we construct two equally-weighted portfolios based on the results of this paper. The portfolio PF II is an equally-weighted portfolio containing all industries negatively linked to oil price changes, while the portfolio PF III is an equally-weighted portfolio containing all industries positively related to oil price changes. The inspection of the results in Panels B and C show that the inclusion of crude oil in PF II and PF III leads to a significant reduction of the portfolio"s standard deviations while ensuring a higher average return. Accordingly, the Sharpe ratio increases substantially in both cases. The diversification gain is however two times larger for portfolio PF II than for portfolio PF III, which is not surprising given the results we established in Section 3. For instance, when 10% of the portfolio is dedicated to investments in Brent crude oil, the average weekly return in panel B
moves up from 0.421% to 0.526%, and the standard deviation decreases from 2.118% to 2.101%, leading the Sharpe ratio grows by about 29%. At the same time, the investment risks associated with larger skewness and kurtosis fall as these coefficients diminish from -0.518 to only -0.129 and from 3.531 to 3.211 respectively. In Panel C, introducing 10% of oil into portfolio PF III leads to smaller improvements: the mean average increases from 0.789% to 0.875% and the standard deviation falls from 4.008% to 3.902%, and thus the Sharpe ratio increases by only 14.439%. The skewness and kurtosis decrease from -0.789 to only -0.623 and from 3.676 to 3.533, respectively.
Overall, our portfolio simulations, based on the paper"s results, lead to conclude that investors have interests to keep an eye on crude oil market movements in their investment decision-making process. Further, they can improve the risk-adjusted return of their portfolios by simply adopting a sector-based portfolio investment strategy on the basis of this paper"s results.
Conclusion
In this article, we investigated the linkages between oil and stock prices. Unlike other empirical investigations, which have focused largely on broad market indices (national and/or regional indices), we contribute to a better understanding of the relationship between oil prices and the stock markets in Europe by testing for short-term links at both the aggregate and sector by sector levels. Our results show strong significant linkages between oil price changes and stock markets for most European sectors. However, the nature and sensitivity of the reaction of stock returns to oil price shocks change considerably across sectors. Our out-of-sample analysis reveals two important points. First, models with oil price changes as a factor of risk provide better forecasts of stock returns, and are thus more useful for portfolio investment decisions. Second, the inclusion of oil into a portfolio of stocks significantly improves its risk-return characteristics and a sector-based portfolio investment strategy considering the asymmetric responses of some industries to oil price shocks leads to a greater improvement of the Sharpe ratio.
Our findings should be of interest to researchers, regulators, and market participants. First, traders who are interested in investing in oil-sensitive stocks in Europe may, when oil prices are expected to increase, select stocks from sectors, such as Oil and Gas, with high positive sensitivity to oil prices. Alternatively, when oil price is expected to decrease, they may select sectors with negative sensitivity such as Food and Beverages. They can also use oil-related derivatives instruments. Thus, our results can be used to build profitable investment strategies.
Second, the fact that sector returns in Europe have different sensitivities to oil price changes indicates valuable risk diversification opportunities across industries. Portfolio selection across rather than within sectors would be more efficient. Finally, investors and portfolio managers should rebalance their portfolios in keeping with their views of the sign of coming changes in oil prices (rises or falls), and our findings suggest that diversification can be achieved across sectors in all cases of oil price changes.
There are several avenues for future research. First, a sector analysis of the long-run linear and nonlinear links between oil and stock prices would be informative. Second, the econometric tools applied in this paper could be used to examine the effects of other energy products, such as natural gas. Third, a study of nonlinear causality between oil or other energy products and sector stock returns should be relevant. Finally, one of the future challenges would be to investigate whether oil price constitutes a common business cycle component across all European countries, that is affecting their sectoral indices indirectly.
